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Abstract: 
 
The main objective of this study is to characterize the overall composite material taking into account 
the different morphologies of nanorenforts (exfoliated silicate intercalated silicate, silica particle) 
immersed in a polymer matrix (PA6). To this end we try to develop a model to characterize the 
mechanical properties of a nanocomposite comprising a polymer matrix and three types of 
reinforcement (PA6 / montmorillonite / silica). An analytical micromechanical prediction model based 
on the self-consistent method was developed. 
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1 Introduction  
 
Among the micromechanical models, we opted for the self-consistent approach in which physical 
reconciliation is enhanced by the interaction between the inclusions and interaction inclusion-matrix 
[1]. In this work we try to investigate the effect of a nanocomposite with two types of reinforcements 
namely clay (silicate exfoliated, intercalated) and silica and see the utility of the mixture, if has 
necessary to investigate new material or not. 
 
2 modèle micromécanique pour les matériaux hétérogènes  
 
We consider three types of reinforcements such as particles of exfoliated silicates, intercalted and 
silica particles. The spheroidal particles are randomly oriented in the matrix and the composite 
becomes a transversely isotropic material and the general formula becomes:  
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Exfoliated and intercalated particles were built taking into account the interphase [2-3]. In effect, of 
hierarchy of intercalated morphology particles is determined according to a method equivalent 
stiffness. The latter considers silicates stacks as homogenous particles with an anisotropic equivalent 
stiffness. 
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Two interphase configurations were considered around particles 
 Two sheets covering the particle (particle sandwich-like) 
 Envelope shape covers the whole particle on that surface (particle with shell) 
So, we have introduced a parameter denoted t according the number of silicate layer, the interphase 
and other variable that we will see later in this paper. 
 
Figure 1effect of the interphase form around 
the particle 
 
Figure 2. Effect of volume fraction on the Young's 
modulus for a composite of two types reinforcements 
 
We can see on the figure 2 the variation of the Young's modulus value for the two particles types 
(shell and sandwich) is very small view negligible. From this synthesis, we will for the rest of the 
work, take sandwich reinforcement with constrained region. We proposed a characterization of a 
mixture comprising two types of reinforcements (exfoliated+ intercalated, exfoliated+ spherical, 
spherical+ intercalated). For each mixture, our approach has been to arbitrarily take the volume 
fraction fixed of one reinforcement 2% and to vary the volume fraction of the other from 0 to 5%. In 
the figure the mixture gives good mechanical properties is the mixture exfoliated-intercalated 
reinforcements and the case where the reinforcement is exfoliated dominant because the contact 
surface (matrix/particle) is greater in this mixture compared to other mixtures. 
 
Conclusion: 
 
The results obtained in this work show the role of exfoliated particles in nanocomposites. The silica 
particles in the presence of silicate (clay) in the polymer matrix are low effect on the mechanical 
properties of the composite. While the nanocomposites in the presence reinforced of exfoliated 
silicate, intercalated and silica the mechanical properties are averages. Finally, hoping this work will 
provide good starting bases for new advance in this field and will open the new perspectives include 
an experimental study may be implemented as well as analytical development work in our model may 
be more appropriate and give good results for mixtures of nanoparticles has different morphology. 
 
Références  
[1] K. Anoukou, F. Zaïri, M. Naït-Abdelaziz, A. Zaoui, T. Messager, J. M. Gloaguen, On the overall 
elastic moduli of polymer–clay nanocomposite materials using a self-consistent approach, Part I: 
Theory, Composites Science and Technology. 71 (2011) 197–205. 
[2] A. Mesbah, F. Zaïri, S. Boutaleb, J. M. Gloaguen, M. Naït-Abdelaziz, Experimental 
characterization and modeling stiffness of polymer/clay nanocomposites within a hierarchical 
multiscale framework, J Appl Polym Sci. 114 (2009) 3274–3291. 
[3] Boutaleb, F. Zaïri, A. Mesbah, M. Naït-Abdelaziz, J. M. Gloaguen, T. Boukharouba, 
Micromechanics-based modelling of stiffness and yield stress for silica/polymer nanocomposites, Int J 
Solids Struct. 46 (2009) 1716–1726.  
2,459 2,494
1,865 1,892
0
0,5
1
1,5
2
2,5
3
E
c/
E
m
1
1,5
2
2,5
3
0% 1% 2% 3% 4% 5%
E
c/
E
m
volume fraction 
intercalated=2% and exfoliated varies
exfoliated=2% and intercalated varies
exfoliated=2% and silica varies
silica=2% and exfoliated varies
silica=2% and intercalated varies 
intercalated=2% and silica varie
